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(57) ABSTRACT 

Logic cells in an application-speci?c integrated circuit 
(ASIC) emulating standard gate siZing by duplicating ele 
ments Within a single standard gate Where logical high-drive 
gates are synthesized and converted to parallel elements as 

AssigneeZ VIASIC, INC Durham NC (Us) a post-process. The drive characteristics of the logical gates 
’ s are retained during the conversion to the physical gate 

App1_ NO; 11/469,189 equivalents in the standard cell architecture. The logic cells 
in the device may include, for example, at least tWo tWo 
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CREATING HIGH-DRIVE LOGIC DEVICES 
FROM STANDARD GATES WITH MINIMAL 

USE OF CUSTOM MASKS 

COPYRIGHT STATEMENT 

[0001] All of the material in this patent document is 
subject to copyright protection under the copyright laWs of 
the United States and of other countries. The copyright 
oWner has no objection to the facsimile reproduction by 
anyone of the patent document or the patent disclosure, as it 
appears in the Patent and Trademark Of?ce patent ?le or 
records, but otherWise reserves all copyright rights Whatso 
ever. 

BACKGROUND OF THE PRESENT 
INVENTION 

[0002] 1. Field of the Present Invention 
[0003] The present invention relates generally to semicon 
ductor devices, and, in particular, to a “one-mask” architec 
ture that uses a plurality of similar basic logic devices to 
produce a “high-drive” logic device having a function 
identical to that of the basic logic devices. 
[0004] 2. Background 
[0005] For many years, gate arrays have been used to 
provide quick-tumaround (quick-turn), loW non-recurring 
expense (NRE) semiconductor devices for a variety of 
purposes. Traditionally, semiconductor Wafers are processed 
up to but not including the ?rst (bottom) metal layer, and 
saved in inventory. When a customer orders a semiconductor 
device to be fabricated for a speci?c application (an appli 
cation-speci?c integrated circuit or “ASIC”), the customer 
only pays for the masks to con?gure the metal layers, and 
not the transistor layers beloW. Thus, NRE is reduced. The 
Wafers can be completed quickly, since only the metal layers 
remain to be fabricated, reducing tum-around time. 
[0006] Recently more and more layers of metal have been 
incorporated into gate array semiconductor devices. Rather 
than tWo or three layers of metal, six to eight layers of metal 
are noW common. As a result, gate arrays are often no longer 
very loW-NRE, or quick-turn. In order to regain the advan 
tages of earlier gate arrays, several vendors have developed 
logic arrays, consisting of multiple, substantially identical 
logic cells, Which can be con?gured for an application With 
feWer or cheaper masks. In the case of feWer masks, the total 
number of metal layers and hence masks used to create the 
?nished device often does not change. Rather, only a 
reduced subset of the total number of metal layers in a 
?nished device is used to impart the custom con?guration to 
the device. For example, so-called “one-mask” devices, in 
Which only a single metal layer and hence a single mask 
imparts customiZation, can in theory reduce both NRE and 
turn-time. 
[0007] In general, ASICs combine large numbers of pro 
grammable blocks of logic circuits into logic cells to create 
a semiconductor device that is speci?cally adapted for a 
particular application. Traditionally, the different program 
mable blocks of logic circuits are prede?ned logic gates 
called standard cells. A set of standard cells is then de?ned 
as a “library.” The function of each ASIC is dependent on 
Which logic gates are selected from the standard cell library 
and hoW they are combined. The functionality of the ASIC 
is enhanced, hoWever, by improving the speed of the electric 
signals that How through and betWeen the logic gates chosen 
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from the library of standard cells, and thus timing is almost 
alWays a critical issue in the design of a particular ASIC. To 
help address this, libraries in many cases contain standard 
cells that provide different levels of drive strength to alloW 
the designer (or specialiZed softWare, usually referred to as 
“synthesis” softWare, that converts the functional design for 
the ASIC into a physical design) to choose a standard cell 
With a drive strength that is high enough to generate an 
electric signal that is fast enough to meet the timing require 
ments of the completed semiconductor device. In order to 
accomplish this, these larger logic devices generally use 
greater amounts of poWer to deliver higher current and thus 
a higher drive strength and faster signal. Unfortunately, it is 
dif?cult to anticipate the precise need for such high drive 
logic devices in the standard, non-customizable layers of the 
ASIC, and thus additional customiZation to one or more 
layers is thus often required. Alternatively, specialiZed logic 
devices may be custom designed, but once again, such 
designs require more customiZed metal masks in order to 
provide the logical function With the drive strength required. 
In either case, these additional customiZed masks produce 
higher NRE. 
[0008] As described previously, “one-mask” standard 
metal designs, a class of ASICs, are preferable in some Ways 
because most or all physical logic (gates) and metal are 
prede?ned, and various logical designs may be implemented 
by customiZing just a single mask instead of a complete 
mask set, thereby reducing NRE. HoWever, since only one 
or a couple of layers is customiZable and the gates are 
pre-de?ned, the number of different logic gates available in 
the standard cell library for such an ASIC is more limited, 
and it may not be possible to include specialiZed high-drive 
gates in the types or quantities desired. Thus, a need exists 
for an approach for creating high-drive gates from the basic 
physical logic gates, together With Whatever metal routing is 
available, that are already found in the logic cells of the 
ASIC. 

SUMMARY OF THE PRESENT INVENTION 

[0009] The present invention comprises an architecture for 
gate-array type devices, such as ASIC’s, that is used at both 
the individual cell level and the chip level. The architecture 
of the invention has a number of features that are advanta 
geous in terms of speed, density, and ef?ciency, especially 
With regard to the use of high-drive devices in the architec 
ture. 

[0010] In some embodiments, a semiconductor device 
comprising an array of logic cells and programmable metal 
includes one or more gate structures that are pre-Wired in a 

?rst process geometry, Where a plurality of inputs and/or 
outputs of the gate structures are available for routing in at 
least tWo layers of the programmable metal, Where the 
programmable metal is in a second process geometry. 
[0011] The present invention provides for the incorpora 
tion of high-drive logic cells into “one-mask” standard 
metal designs using multiple gates chosen to be in the same 
“logical cell”, the base unit of a one-mask ASIC. It is 
necessary to convert the logic cell to a physical cell that 
represents the same logical function. Heuristics may be used 
to determine this mapping to guarantee the drive strength of 
the physical cell is equal to the drive strength de?ned in the 
logic cell. 
[0012] In some embodiments these logical cells contain 
ing multiple gates built in parallel must be placed in close 
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proximity to the other logical cells that they drive to main 
tain timing requirements. Buffers, gates added or removed 
so that timing closure is achieved and electro-migration does 
not occur, are considered during this placement. 
[0013] Broadly de?ned, the present invention according to 
one aspect is a semiconductor device, including: a plurality 
of non-customized layers in Which are arranged an array of 
logic cells and no more than tWo customized layers, dis 
posed on top of the plurality of non-customized layers, for 
routing connections. Each of at least some of the logic cells 
in the array includes a ?rst pre-Wired logic device and a 
second pre-Wired logic device, the second logic device being 
functionally equivalent to the ?rst logic device. The cus 
tomized layers con?gure the ?rst and second pre-Wired logic 
devices into a high-drive logic device, the high-drive logic 
device being functionally equivalent to each of the ?rst and 
second logic devices, by connecting the ?rst and second 
pre-Wired logic devices together in parallel. 
[0014] In features of this aspect, the device is an applica 
tion-speci?c integrated circuit, and the ?rst and second 
pre-Wired logic devices are con?gured into the high-drive 
logic device using only one customized layer, Which may be 
a customized via layer. In another feature of this aspect, the 
?rst pre-Wired logic device is selected from a group con 
sisting of a NAND, a multiplexer, a FLOP, an inverter, an 
XOR, a NOR, and a look-up table, and the second pre-Wired 
logic device is substantially the same as the ?rst pre-Wired 
logic device. In a more speci?c feature, the ?rst and second 
pre-Wired logic devices are each a multiplexer having a D0 
input, a D1 input, a SEL input, and a Z output, and the ?rst 
and second pre-Wired logic devices are con?gured, using the 
customized via layer, to be connected to a common D0 
input, a common D1 input, a common SEL input, and a 
common Z output. 

[0015] In other features of this aspect, the customized 
layers include tWo customized via layers, the customized 
layers include one customized via layer and one customized 
metal layer, or the customized layers include tWo custom 
ized metal layers. 
[0016] In still another feature of this aspect, the array of 
logic cells are fabricated in a ?rst process geometry, and the 
customized layers are fabricated in a second process geom 
etry. 
[0017] In another aspect, the present invention is a method 
of making a semiconductor device, including: forming a 
plurality of non-customized layers in Which are arranged an 
array of logic cells, Wherein each of at least some of the logic 
cells in the array includes a ?rst pre-Wired logic device and 
a second pre-Wired logic device, the second logic device 
being functionally equivalent to the ?rst logic device; and 
forming no more than tWo customized layers, for routing 
connections, on top of the plurality of non-customized 
layers. The step of forming the customized layers includes 
producing a respective customized mask for each custom 
ized layer, the customized masks for con?guring the ?rst and 
second pre-Wired logic devices into a high-drive logic 
device, the high-drive logic device being functionally 
equivalent to each of the ?rst and second logic devices, by 
connecting the ?rst and second pre-Wired logic devices 
together in parallel, and forming each of the no more than 
tWo customized layers using the respective customized 
mask. 
[0018] In features of this aspect, the device is an applica 
tion-speci?c integrated circuit, only one customized mask, 
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Which may be a customized via layer, is produced, and only 
one customized layer is formed, using the one customized 
mask, to con?gure the ?rst and second pre-Wired logic 
devices into the high-drive logic device that is functionally 
equivalent to each of the ?rst and second logic devices. 
Forming the customized via layer includes forming connec 
tions betWeen routing tracks in non-customized layers. In 
another feature of this aspect, forming the plurality of 
non-customized layers includes selecting the ?rst pre-Wired 
logic device from a group consisting of a NAND, a multi 
plexer, a FLOP, an inverter, an XOR, a NOR, and a look-up 
table, and selecting the second pre-Wired logic device to be 
the same type of device as the ?rst logic device. In a more 
speci?c feature of this aspect, each of the ?rst and second 
pre-Wired logic devices is a multiplexer having a D0 input, 
a D1 input, a SEL input, and a Z output, and forming the 
customized via layer includes connecting the ?rst and sec 
ond pre-Wired logic devices to a common D0 input, a 
common D1 input, a common SEL input, and a common Z 
output. 
[0019] In other features of this aspect, forming no more 
than tWo customized layers includes forming tWo custom 
ized via layers, or one customized via layer and one cus 
tomized metal layer, or tWo customized metal layers. 

[0020] In still another feature of this aspect, forming the 
plurality of non-customized layers includes fabricating the 
plurality of non-customized layers in a ?rst process geom 
etry, and forming the no more than tWo customized layers 
includes fabricating the no more than tWo customized layers 
in a second process geometry. 

[0021] In still another aspect, the present invention is a 
semiconductor chip, including an array of logic cells, 
arranged in a plurality of non-customized layers, that are 
disposed to receive con?gurable metal, at least some of the 
logic cells in the array including a ?rst pre-Wired logic 
device and a second pre-Wired logic device, the second logic 
device being functionally equivalent to the ?rst logic device, 
Wherein the ?rst and second pre-Wired logic devices in each 
logic cell can be selectively connected together in parallel to 
form a high-drive logic device, functionally equivalent to 
each of the ?rst and second logic devices, by routing in no 
more than tWo customized layers in the con?gurable metal. 

[0022] In features of this aspect, the chip is part of an 
application-speci?c integrated circuit, and the ?rst and sec 
ond pre-Wired logic devices can be selectively connected 
together in parallel to form a high-drive logic device using 
only one customized layer, Which may be a via layer. In 
another feature of this aspect, the ?rst pre-Wired logic device 
is selected from a group consisting of a NAND, a multi 
plexer, a FLOP, an inverter, an XOR, a NOR, and a look-up 
table, and the second pre-Wired logic device is substantially 
the same as the ?rst pre-Wired logic device. In a more 
speci?c feature, the ?rst and second pre-Wired logic devices 
are each a multiplexer having a D0 input, a D1 input, a SEL 
input, and a Z output, and the ?rst and second pre-Wired 
logic devices can be selectively connected together in par 
allel, using the customized via layer, such that the ?rst and 
second pre-Wired logic devices are connected to a common 
D0 input, a common D1 input, a common SEL input, and a 
common Z output. 

[0023] In other features of this aspect, the ?rst and second 
pre-Wired logic devices can be selectively connected 
together in parallel to form a high-drive logic device using 
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only tWo customized via layers, or only one customized via 
layer and one customized metal layer, or only tWo custom 
ized metal layers. 
[0024] In still another feature of this aspect, the array of 
logic cells is fabricated in a ?rst process geometry, and 
Wherein the con?gurable metal of the customized layers can 
be fabricated in a second process geometry. 
[0025] Further areas of applicability of the present inven 
tion Will become apparent from the detailed description 
provided hereinafter. It should be understood that the 
detailed description and speci?c examples, While indicating 
the preferred embodiment of the invention, are intended for 
purposes of illustration only and are not intended to limit the 
scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Further features, embodiments, and advantages of 
the present invention Will become apparent from the fol 
loWing detailed description With reference to the draWings, 
Wherein: 
[0027] FIG. 1 is a block diagram representing the general 
architecture of an ASIC; 
[0028] FIG. 2 is a schematic diagram illustrating hoW a 
single logic cell connects to surrounding cells; 
[0029] FIG. 3 is a schematic diagram of an exemplary 
logic device that may be contained in one of the logic cells 
of FIG. 1; 
[0030] FIG. 4 is a schematic diagram of a pair of logic 
devices in accordance With an exemplary preferred embodi 
ment of the present invention; 
[0031] FIG. 5 is a partial schematic diagram of the logic 
shoWn in FIG. 4 but rearranged to illustrate the use of 
horizontal and vertical routing tracks and vias; 
[0032] FIG. 6A is a detailed physical diagram of portions 
of tWo metal layers in the exemplary logic cell of FIGS. 4 
and 5 and the programmed vias that are used to create the 
high-drive output Z; 
[0033] FIG. 6B is a detailed physical diagram ofa portion 
of one of the prede?ned internal metal layers of FIG. 6A; 
[0034] FIG. 6C is a detailed physical diagram of a portion 
of the other of the prede?ned internal metal layers of FIG. 
6A; 
[0035] FIG. 7 is a detailed physical diagram of the entirety 
of the tWo metal layers in the exemplary logic cell of FIGS. 
4 and 5; and 
[0036] FIG. 8 is a ?owchart illustrating the process for 
determining Where high-drive gates are necessary and hoW 
they are physically designed into a “one mask” or similar 
ASIC architecture. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0037] As a preliminary matter, it Will readily be under 
stood by one having ordinary skill in the relevant art 
(“Ordinary Artisan”) that the present invention has broad 
utility and application. Furthermore, any embodiment dis 
cussed and identi?ed as being “preferred” is considered to 
be part of a best mode contemplated for carrying out the 
present invention. Other embodiments also may be dis 
cussed for additional illustrative purposes in providing a full 
and enabling disclosure of the present invention. Moreover, 
many embodiments, such as adaptations, variations, modi 
?cations, and equivalent arrangements, Will be implicitly 

Mar. 6, 2008 

disclosed by the embodiments described herein and fall 
Within the scope of the present invention. 
[0038] Accordingly, While the present invention is 
described herein in detail in relation to one or more embodi 
ments, it is to be understood that this disclosure is illustrative 
and exemplary of the present invention, and is made merely 
for the purposes of providing a full and enabling disclosure 
of the present invention. The detailed disclosure herein of 
one or more embodiments is not intended, nor is to be 

construed, to limit the scope of patent protection afforded the 
present invention, Which scope is to be de?ned by the claims 
and the equivalents thereof. It is not intended that the scope 
of patent protection afforded the present invention be 
de?ned by reading into any claim a limitation found herein 
that does not explicitly appear in the claim itself. 
[0039] Thus, for example, any sequence(s) and/or tempo 
ral order of steps of various processes or methods that are 
described herein are illustrative and not restrictive. Accord 
ingly, it should be understood that, although steps of various 
processes or methods may be shoWn and described as being 
in a sequence or temporal order, the steps of any such 
processes or methods are not limited to being carried out in 
any particular sequence or order, absent an indication oth 
erWise. Indeed, the steps in such processes or methods 
generally may be carried out in various different sequences 
and orders While still falling Within the scope of the present 
invention. Accordingly, it is intended that the scope of patent 
protection afforded the present invention is to be de?ned by 
the appended claims rather than the description set forth 
herein. 
[0040] Additionally, it is important to note that each term 
used herein refers to that Which the Ordinary Artisan Would 
understand such term to mean based on the contextual use of 
such term herein. To the extent that the meaning of a term 
used hereinias understood by the Ordinary Artisan based 
on the contextual use of such termidilfers in any Way from 
any particular dictionary de?nition of such term, it is 
intended that the meaning of the term as understood by the 
Ordinary Artisan should prevail. 
[0041] Furthermore, it is important to note that, as used 
herein, “a” and “an” each generally denotes “at least one,” 
but does not exclude a plurality unless the contextual use 
dictates otherWise. Thus, reference to “a picnic basket hav 
ing an apple” describes “a picnic basket having at least one 
apple” as Well as “a picnic basket having apples.” In 
contrast, reference to “a picnic basket having a single apple” 
describes “a picnic basket having only one apple.” 
[0042] When used herein to join a list of items, “or” 
denotes “at least one of the items,” but does not exclude a 
plurality of items of the list. Thus, reference to “a picnic 
basket having cheese or crackers” describes “a picnic basket 
having cheese Without crackers”, “a picnic basket having 
crackers Without cheese”, and “a picnic basket having both 
cheese and crackers.” Finally, When used herein to join a list 
of items, “and” denotes “all of the items of the list.“Thus, 
reference to “a picnic basket having cheese and crackers” 
describes “a picnic basket having cheese, Wherein the picnic 
basket further has crackers,” as Well as describes “a picnic 
basket having crackers, Wherein the picnic basket further has 
cheese.” 
[0043] Further, the meaning of certain terms as used in the 
context of this disclosure should be understood as folloWs. 
The term “con?guration” and variants such as “con?g 
urable” and “con?gured” refer to the property or process of 
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imparting application-speci?c function to an integrated cir 
cuit chip. The term “metal layer” refers to any layer that is 
used to make connections to implement the functions of the 
cells of a device. These metal layers may be the same for 
every version of a semiconductor device, or they may be 
used for con?guration. In addition, metal layers may contain 
actual metal routing traces or vias, Which provide vertical 
connectivity betWeen metal routing layers. Finally, the term 
“chip” and variations such as “integrated circuit chip” or 
“semiconductor chip” are normally meant to refer to an 
intermediate device that has not been con?gured, and may 
be in the form of a Wafer. A ?nished device such as an ASIC 
Will be referred to as a “device” or With a variant term such 
as “semiconductor device” or the like. Other terms Will 
either be discussed When introduced, or otherWise should be 
assumed to have the conventional meaning as understood by 
persons of ordinary skill in the art. 
[0044] Referring noW to the draWings, in Which like 
numerals represent like components throughout the several 
vieWs, the preferred embodiments of the present invention 
are next described. The folloWing description of the pre 
ferred embodiment(s) is merely exemplary in nature and is 
in no Way intended to limit the invention, its application, or 
uses. 

[0045] The present invention relates to aspects of a cell 
architecture for an ASIC that reduces the number of custom 
masks required, representing signi?cant cost and time sav 
ings. In some embodiments, only one custom via mask and 
no custom metal masks are required; hoWever, in other 
embodiments, only tWo custom via masks and no custom 
metal masks are required; in still other embodiments, only 
one custom metal mask and one custom via mask are 

required; in yet still other embodiments, only tWo custom 
metal masks and no custom via masks are required. The 
choice of Whether to use one mask or tWo is typically 
dependent upon the tradeolf betWeen cost and performance. 
When cost is the primary issue, it is generally preferred that 
only a single custom via mask be used, and no custom metal 
masks are used. On the other hand, if the desired level of 
performance is not achievable using only a single custom via 
mask, a tWo mask solution may be used. 

[0046] As Will be apparent to the Ordinary Artisan, each 
via mask determines Where the so-called “vias” Will be 
placed to make connections betWeen layers. By using such 
an architecture, the semiconductor manufacturer may invest 
in the generic or base masks just one time. Various designs 
are then implemented by customizing just a via mask (and 
perhaps a second via mask or a metal mask) instead of a 
complete mask set. Many aspects of such an architecture is 
described in commonly-assigned U.S. Pat. No. 6,580,289 to 
Cox, the entirety of Which is incorporated herein by refer 
ence. 

[0047] FIG. 1 is a block diagram representing the general 
architecture of an ASIC 10 as described in the foregoing 
patent. As more fully described therein, an ASIC has roWs 
and columns of logic cells 20, Where each cell 20 may 
implement a plurality of gates Worth of logic. The number of 
gates in each cell 20 may be de?ned by the designer, but 
conventionally each cell 20 may comprise eight or ten ASIC 
gates arranged into one or more logic devices. Horizontal 
routing tracks 14 and vertical routing tracks 16 connect the 
logic cells 20 together. These tracks 14,16 are formed of 
segmented Wires of ?xed length that may be connected to 
each other through vias 22, Which are shoWn in more detail 
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in FIG. 2. The inputs and outputs of the logic cells 20 
communicate using routing tracks 14,16 that are connected 
through the vias 22. Some of the routing tracks 14,16 may 
also connect to pads 12, typically arranged around the edge 
of the die, that permit external connections to be made to the 
logic devices in the ASIC 10. 

[0048] FIG. 2 is a schematic diagram illustrating hoW a 
single logic cell 20 connects to surrounding cells (not shoWn 
in FIG. 2). The logic cell 20 is connected to the other logic 
cells in the array using the horizontal and vertical routing 
tracks 14,16, Which in FIG. 2 include tWenty vertical and 
fourteen horizontal segmented lines. The various routing 
tracks 14,16 are generally located in a plurality of different 
metal layers. Where routing tracks 14,16 in one layer pass 
over or under routing tracks 14,16 in another layer, vias 22 
are used to electrically connect them. Of course, not all of 
the vias 22 illustrated in FIG. 2 are likely to be used in the 
design of an actual ASIC 10; instead, the illustrated vias 22 
merely represent some possible via locations. The actual 
vias 22 utilized Will be dependent on the particular design 
being implemented in the ASIC 10. Furthermore, it Will be 
understood that the arrangement of the cell 20 and the 
various routing tracks 14,16 shoWn in FIG. 2 is only a 
logical representation meant to generally illustrated the use 
of horizontal and vertical routing tracks 14,16. In an actual 
ASIC 10, the horizontal and vertical routing tracks 14,16 
typically overlays the logic cells 20, and are conventionally 
aligned With jumpers, routing tracks, and other connection 
points in the logic cell to facilitate connection thereto. In an 
actual ASIC 10, the horizontal and vertical routing tracks 
14,16 are typically internal to the logic cells 20, and are 
conventionally aligned With jumpers, routing tracks, and 
other connection points in the logic cell to facilitate con 
nection thereto. 

[0049] FIG. 3 is a schematic diagram of an exemplary 
logic device 30 that may be contained in one of the logic 
cells 20 of FIG. 1. This exemplary logic device 30 is a 
simple 2-to-l multiplexor, referred to generally hereinafter 
as a “MUX,” but it Will be understood that the present 
invention Will be equally applicable to a Wide variety of 
other types of logic devices (not shoWn), such as a NAND, 
a FLIP-FLOP, an inverter, an XOR, a NOR, and a look-up 
table, the design and operation of each of Which Will be 
apparent to the Ordinary Artisan. The MUX has been 
selected merely as a particularly suitable illustration of the 
usefulness of the present invention. As is Well knoWn, a 
MUX is used to connect one input, selected from a plurality 
of inputs (in this case, tWo inputs), to a single output. The 
tWo data inputs are referred to herein as “D0” and “D1,” and 
a third input, referred to as “SEL,” selects betWeen the tWo. 
The output is referred to herein as “Z.” Although not 
illustrated, a MUX conventionally uses other inputs, such as 
VDD and VSS, to control input and output levels; these 
inputs are hardWired into the logic cell 20. 

[0050] FIG. 4 is a schematic diagram of a pair of logic 
devices 30 in accordance With an exemplary preferred 
embodiment of the present invention. In FIG. 4, tWo of the 
logic devices 30 of FIG. 3 have been arranged into an 
exemplary “high-drive” logic device 32. Each MUX 30 has 
three logic inputs, once again referred to herein as “D0,” 
“D1,” and “SEL,” With each MUX 30 receiving the same 
three inputs from the same three sources. Once again, the 
VDD and VSS signals are hard-Wired into the logic cell 20 
and are not shoWn. Each MUX 30 produces one logic output 
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signal, referred to herein as “Z.” The Z outputs from the tWo 
MUXs 30 are tied together. When Wired this Way, a higher 
order logic device is created that performs that functionality 
of a tWo-input MUX but With a higher-poWered output than 
that available from a single MUX logic device 30. This 
high-drive logic device 32 can be very useful in meeting 
timing and other physical requirements. Further, although 
not shoWn, still more logic devices 30 may be combined 
With the ?rst tWo devices to create a still higher-poWered 
device, and corresponding output signal, if desired. 
[0051] FIG. 5 is a partially schematic diagram of the 
exemplary high-drive logic device shoWn in FIG. 4 but 
rearranged to illustrate the use of horizontal and vertical 
routing tracks 14,16 and vias 22. As illustrated therein, the 
inputs D0, D1 and SEL are routed to the respective MUXs 
30 from sources (typically, other cells 20) using a combi 
nation of horizontal and vertical routing tracks 14,16 and 
vias 22 to make connections therebetWeen. Notably, the 
MUXs 30 themselves are represented logically, not physi 
cally. As Will be apparent to the Ordinary Artisan, the 
various gates that make up the physical implementation of 
logic cells 20 are formed from shapes or polygons located in 
many different mask layers. Similarly, all metal layers, 
Which may for example include one layer in Which the 
horizontal routing tracks 14 are located and another layer in 
Which the vertical routing tracks 16 are located, are repre 
sented logically, not physically, although the lines represent 
ing these tracks in FIG. 5 are shoWn in a horizontal and 
vertical disposition to help illustrate their physical arrange 
ment. LikeWise, the details in FIG. 5 of these mask layers 
such as those commonly referred to as diffusion layers, poly 
layers, and contact layers, Which are prede?ned based on the 
ASIC technology and also include some metal layers, are 
represented logically, not physically. 
[0052] FIG. 6A is a detailed physical diagram of portions 
of tWo metal layers in the exemplary logic cell 20 of FIGS. 
4 and 5 and the programmed vias 22 that are used to create 
the high-drive output Z, While FIG. 6B is a detailed physical 
diagram of a portion of the prede?ned internal M3 layer in 
the exemplary logic cell 20, and FIG. 6C is a detailed 
physical diagram of a portion of the prede?ned internal M4 
layer in the exemplary logic cell 20. In each of FIGS. 6A-6C, 
the only shapes or polygons shoWn are those portions of the 
M3 and M4 layers that are directly involved in the creation 
of the high-drive output device. The physical inputs to the 
MUXs, labeled D0, D1, and SEL, correspond to the same 
logical inputs shoWn in FIGS. 4 and 5. The shorter horizon 
tal tracks 36 alloW each MUX 30 to connect to a separate set 
of external connections if desired. This is shoWn logically in 
FIG. 5. HoWever, if the designer’s logic con?guration 
requires a higher drive strength than that Which is available 
from a single MUX 30, then the shorter horizontal tracks 36 
may be connected to the vertical tracks 34 using vias 22, and 
the respective vertical tracks 34 may in turn be connected 
together using the longer horizontal tracks 38, also using 
vias 22. These physical connections are all shoWn in FIG. 
6A, While the logical connections may also be seen in FIG. 
5. 

[0053] The resulting high-drive device is thus connected 
as folloWs. With reference to FIGS. 6A, the D0 input 402 is 
provided to the exemplary logic cell 20 using a connection 
at the bottom of FIG. 6A, the D1 input 404 is provided to the 
exemplary logic cell 20 using a connection at the loWer left 
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side of FIG. 6A, and the SEL input is provided to the 
exemplary logic cell 20 using a connection at the top left of 
FIG. 6A. 

[0054] The D0 input 42 is electrically connected directly 
to a vertical track 34 near the middle of FIG. 6A, and the 
vertical track 34 is electrically connected to a long horizon 
tal track 38 near the bottom of FIG. 6A using a via 22. The 
long horizontal track 38 is also electrically connected to a 
second vertical track 34, also using a via 22. Each vertical 
track 34 is in turn electrically connected to a short horizontal 
track 36 that provides a connection 52,62 to a respective 
MUX (not shoWn in FIG. 6A). 
[0055] The D1 input 44 is electrically connected directly 
to a long horizontal track 38 near the bottom of FIG. 6A, and 
the long horizontal track 38 is electrically connected to tWo 
different vertical tracks 34 using vias 22. Each vertical track 
34 is in turn electrically connected to a short horizontal track 
36 that provides a connection 54,64 to a respective MUX. 

[0056] The SEL input 46 is electrically connected directly 
to a vertical track 34 along the left side of FIG. 6A, and the 
vertical track 34 is electrically connected to a long horizon 
tal track 38 near the bottom of FIG. 6A using a via 22. The 
long horizontal track 38 is electrically connected to a second 
vertical track 34, also using a via 22. Each vertical track 34 
is in turn electrically connected to a short horizontal track 36 
that provides a connection 56,66 to a different MUX 30. 

[0057] The respective Z outputs of the tWo MUXs 30 are 
connected at connection points 58,68 to separate short 
horizontal tracks 36, each of Which leads to a respective 
vertical track 34. The vertical tracks 34 are in turn electri 
cally connected to the same long horizontal track 38 near the 
bottom of FIG. 6A, and that long horizontal track 38 is 
electrically connected directly to the Z output 48. From 
there, the Z output 48 may be distributed as desired to other 
logic cells 20 such as by using the vertical tracks 40 along 
the right side of FIG. 6A. 

[0058] FIG. 7 is a detailed physical diagram of the entirety 
of the tWo metal layers (M3 and M4) in the exemplary logic 
cell 20 of FIG. 6A. The exemplary logic cell 20 has 24 
vertical routing tracks 34, located in this case in the M3 
layer, that span from the top of the cell 20 to the bottom and 
provide vertical general purpose routing to approximately 
six logic devices similar in size to the tWo-input MUX 30 
shoWn schematically in FIG. 3. Alternatively, hoWever, it 
may be preferable for each logic cell 20 to have a total of 32 
vertical routing tracks 34 in order to provide improved 
connectivity for the various logic devices, particularly if a 
maximum number of logic devices are disposed in the cell 
20. Other numbers of vertical routing tracks may likeWise be 
apparent to the Ordinary Artisan. 
[0059] As previously seen in FIG. 6A, the horizontal 
routing tracks 14, located in this case in the M4 layer, are 
created in tWo different lengths. The longer horizontal 
routing tracks 38 span the entire Width of the logic cell 20, 
While the shorter routing tracks 36 span only about half of 
the Width of the logic cell 20, or about the Width of one logic 
device 30 in the cell 20. This permits identical logic devices 
30 to be created in pairs such as the tWo-MUX high-drive 
logic device 32 of FIG. 4, Where the short horizontal routing 
tracks 36 in the M4 layer are used to connect to separate sets 
of external connections for the respective logic devices 30, 
and the long horizontal routing tracks 38 in the M4 layer 
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allow the pair of devices, such as the pair of MUXs 30 in 
FIG. 4, to be connected together to produce a high-drive 
output. 
[0060] It Will be understood from FIG. 7 that multiple 
pairs of logic devices 30 may thus exist in a single logic cell 
20. TWo or more identical logic devices 30 may be con 
nected to identical inputs and their outputs may be Wired 
together, thereby producing a high-drive functional equiva 
lent (i.e., a higher-order logic device 32 that carries out the 
same function, using the same inputs, to produce the same 
output, as the loWer-order logic device 30). This may be 
accomplished merely by modifying the appropriate via layer 
mask to create vias 22 betWeen the logic devices 30 and the 
horizontal and vertical routing tracks 14,16, and betWeen the 
various routing tracks 14,16 as necessary to create the 
connections shoWn in FIG. 5. In summary, then, a high-drive 
logic device, such as the high-drive 2-input MUX logic 
device 32 of FIGS. 4 and 5, may be produced in a generic 
ASIC 10 merely by modifying the appropriate via layer 
mask to create the vias 22 described above, thereby con 
necting the loWer-order logic devices 30 together and cre 
ating the appropriate electrical paths in the horiZontal and 
vertical routing tracks 14,16. 
[0061] Notably, in FIG. 7, the only vias 22 shoWn are the 
ones being used to connect the tWo MUX logic devices 30 
to form the high-drive MUX device 32, and the ones being 
used to provide the connections from the high-drive MUX 
logic device 32 to other logic cells 20. Although in some 
instances, the other available logic devices 30 in a logic cell 
20 Will remain unused, it Will be apparent to the Ordinary 
Artisan that these other available logic devices 30 may be 
connected together or used separately as desired in a par 
ticular ASIC design. Other connections (and in particular, 
other vias 22) are not shoWn in FIG. 7 simply for ease in 
understanding the present invention. 
[0062] FIG. 8 is a ?owchart illustrating the process 800 for 
physically designing high-drive logic devices into a “one 
mask” or similar ASIC architecture. This description shoWs 
hoW the steps in this process 800 may be used to arrange 
logic devices in various logic cells 20 into a semiconductor 
chip in such a Way as to be con?gurable into a high-drive 
logic device such as the device 32 shoWn logically in FIG. 
4. Initially, a designer has a logical description of the 
operation the logic cells 20 must perform. At step 805, a 
synthesis tool takes the logical description and generates a 
schematic that may include such logic devices as the tWo 
input MUX 30 of FIG. 3. After the schematic is generated, 
a technical mapping from the generic schematic preferably 
occurs at step 810 to create the “one-mask” architecture for, 
among other cells 20, the logic cell of FIG. 6A that includes 
logic that may be con?gured into the high-drive MUX logic 
device 32 of FIGS. 4 and 5. In the “one-mask” architecture 
these logic cells 20 may each comprise a sea of NAND 
gates, Which are a commonly-used basic building block that 
may be con?gured later to build many other logical devices, 
including the exemplary MUX logic device 30. In order to 
provide a designer With the option of using a MUX With 
double the drive in a one-mask (or tWo-mask) architecture, 
tWo MUXs 30 are preferably mapped into a single logic cell 
20. The various logic devices of the cell are built using 
timing and cell constraints. As Will be apparent to the 
Ordinary Artisan, multiple different implementations may be 
available, but the actual implementation is preferably 
selected from the various choices based on heuristics. 
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[0063] The next step 815 in the design is placement. Either 
manually or using a softWare tool, the designer may place 
the logic cell 20 containing the logic devices con?gurable 
into the high-drive tWo-MUX logic device 32 close to those 
logic cells 20 that receive the high-drive output signal as an 
input. Preferably, the designer’s softWare-based placement 
tools contain algorithms that alloW tagging of gates With 
information so that the placement of each potential high 
drive gate is in close proximity to the gate it is driving in 
order to satisfy timing requirements and so that routing 
congestion can be minimiZed in these areas. Checks may be 
applied to ensure the proximity of the logic devices 30 in the 
high-drive logic device 32 to each other and to the logic 
devices to Which it is connected. Bad placement can lead to 
signal degradation, integrity problems and higher poWer 
dissipation. 
[0064] After placement, a buffer insertion process occurs 
at step 820, Wherein additional gates are inserted into the 
design in order to accomplish proper timing and to prevent 
electromigration problems over vias. Typically, this process 
involves placing pairs of inverters and the like in determined 
paths to achieve the foregoing goals. The buffer insertion 
process is preferably aWare of the high-drive gates and adds 
or removes gates to and from the high drive logic devices 32 
as necessary to achieve the goals. Bad buffering can negate 
the effects of the high-drive devices. Finally, at step 825, the 
actual routing to, from and betWeen the various logic devices 
30,32 and input/output pads 12 is determined. Routing 
involves the process of ?nding the most ef?cient use of the 
various routing tracks 14,16 to accomplish the desired 
logical design While meeting all timing constraints and other 
physical constraints. 
[0065] A semiconductor chip designed according to the 
preceding process 800 (that is, having a plurality of logic 
cells 20 arranged in a plurality of non-customized layers) 
may then be con?gured as desired. When use of a high-drive 
logic device, such as the device 32 of FIG. 4, is desired, tWo 
basic logic devices, such as the tWo logic devices 30 of FIG. 
4, may be connected together using the con?gurable layer or 
layers of the semiconductor device. More particularly, the 
tWo logic devices may be connected, for example, by 
con?guring the via layer betWeen the M3 and M4 layers to 
connect the appropriate horizontal and vertical routing 
tracks 14,16 as shoWn in FIGS. 6A and 7 to achieve the 
functional logic shoWn schematically in FIGS. 4 and 5. 
Alternatively, the tWo logic devices may be connected by 
con?guring tWo different via layers, one via layer and one 
metal layer, or tWo metal layers. In this Way, a one-mask (or 
tWo-mask) architecture may be maintained, thereby reduc 
ing NRE While still providing the ability to con?gure a 
semiconductor chip to provide high-drive functionality. 
[0066] In at least some embodiments, the present inven 
tion may have particular applicability in a technique some 
times referred to as reduced mask or one-mask ?nishing of 
advanced Wafers. For these products, an initial architecture 
on an advanced Wafer process is used by a Wafer fabrication 
facility (“fab”), and then is held by the fab customer. The cell 
design of this initial architecture is often referred to as the 
“macro-cell.” A less advanced fab is then used to ?nish the 
Wafers by con?guring the tWo or single con?guration masks. 
Such a process, split betWeen tWo types of fabs, is often 
referred to as a “hybrid process.” 

[0067] A hybrid process has the advantage of loW turn 
times, loW NRE, and high manufacturing ?exibility in being 
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able to handle small orders. However, the combination of 
reduced or one-mask programming and a less advanced 
process geometry to accommodate the ?nishing can result in 
loW achievable logic density. More particularly, the fabs in 
the above example perform tWo different “generations” or 
processes. One generation process is used by the ?rst fab and 
another generation process is used by the second fab. A 
generation is a set of tools and processes to produce gate 
array devices With transistors of a speci?c, minimum siZe, in 
terms of physical gate length. For example 0.35-micron, 
0.25-micron, 0.18-micron, 0.13-micron, and 90 nm are all 
Well-knoWn generations of processes, in order of less 
advanced to more advanced, and recent, generations. Gen 
erally smaller siZes are more dif?cult to achieve, but alloW 
for denser logic, translating into devices With more capabil 
ity. Hybrid devices manufactured according to the method 
disclosed above Will typically be made in tWo fabs that are 
at least one, and possibly more generations apart. Typically, 
the second fab Will be an older generation fab. A process is 
said to have a larger or small geometry if that process Would 
result in, respectively, larger or smaller gate siZes if the 
process Were used to produce gates. If a process is used to 
etch metal, the geometries and siZes are still referred to the 
same Way, taking into account siZes as if the process Were 
used to produce gates. 
[0068] Based on the foregoing information, it is readily 
understood by those persons skilled in the art that the present 
invention is susceptible of broad utility and application. 
Many embodiments and adaptations of the present invention 
other than those speci?cally described herein, as Well as 
many variations, modi?cations, and equivalent arrange 
ments, Will be apparent from or reasonably suggested by the 
present invention and the foregoing descriptions thereof, 
Without departing from the substance or scope of the present 
invention. Accordingly, While the present invention has been 
described herein in detail in relation to its preferred embodi 
ment, it is to be understood that this disclosure is only 
illustrative and exemplary of the present invention and is 
made merely for the purpose of providing a full and enabling 
disclosure of the invention. The foregoing disclosure is not 
intended to be construed to limit the present invention or 
otherWise exclude any such other embodiments, adaptations, 
variations, modi?cations or equivalent arrangements; the 
present invention being limited only by the claims appended 
hereto and the equivalents thereof. Although speci?c terms 
are employed herein, they are used in a generic and descrip 
tive sense only and not for the purpose of limitation. 

What is claimed is: 
1. A semiconductor device comprising: 
a plurality of non-customiZed layers in Which are arranged 

an array of logic cells, Wherein each of at least some of 
the logic cells in the array includes a ?rst pre-Wired 
logic device and a second pre-Wired logic device, the 
second logic device being functionally equivalent to the 
?rst logic device; and 

no more than tWo customiZed layers, disposed on top of 
the plurality of non-customiZed layers, for routing 
connections, Wherein the customiZed layers con?gure 
the ?rst and second pre-Wired logic devices into a 
high-drive logic device, the high-drive logic device 
being functionally equivalent to each of the ?rst and 
second logic devices, by connecting the ?rst and sec 
ond pre-Wired logic devices together in parallel. 
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2. The semiconductor device of claim 1, Wherein the 
device is an application-speci?c integrated circuit. 

3. The semiconductor device of claim 2, Wherein the ?rst 
and second pre-Wired logic devices are con?gured into the 
high-drive logic device using only one customiZed layer. 

4. The semiconductor device of claim 3, Wherein the one 
customiZed layer is a customiZed via layer. 

5. The semiconductor device of claim 4, Wherein the ?rst 
pre-Wired logic device is selected from a group consisting of 
a NAND, a multiplexer, a FLOP, an inverter, an XOR, a 
NOR, and a look-up table, and the second pre-Wired logic 
device is substantially the same as the ?rst pre-Wired logic 
device. 

6. The semiconductor device of claim 5, Wherein the ?rst 
and second pre-Wired logic devices are each a multiplexer 
having a D0 input, a D1 input, a SEL input, and a Z output, 
and Wherein the ?rst and second pre-Wired logic devices are 
con?gured, using the customiZed via layer, to be connected 
to a common D0 input, a common D1 input, a common SEL 
input, and a common Z output. 

7. The semiconductor device of claim 2, Wherein the 
customiZed layers include tWo customiZed via layers. 

8. The semiconductor device of claim 2, Wherein the 
customiZed layers include one customiZed via layer and one 
customiZed metal layer. 

9. The semiconductor device of claim 2, Wherein the 
customiZed layers include tWo customiZed metal layers. 

10. The semiconductor device of claim 2, Wherein the 
array of logic cells are fabricated in a ?rst process geometry, 
and Wherein the customiZed layers are fabricated in a second 
process geometry. 

11. A method of making a semiconductor device, the 
method comprising: 

forming a plurality of non-customiZed layers in Which are 
arranged an array of logic cells, Wherein each of at least 
some of the logic cells in the array includes a ?rst 
pre-Wired logic device and a second pre-Wired logic 
device, the second logic device being functionally 
equivalent to the ?rst logic device; and 

forming no more than tWo customiZed layers, for routing 
connections, on top of the plurality of non-customiZed 
layers, the step of forming the customiZed layers 
including: 
producing a respective customiZed mask for each cus 

tomiZed layer, the customiZed masks for con?guring 
the ?rst and second pre-Wired logic devices into a 
high-drive logic device, the high-drive logic device 
being functionally equivalent to each of the ?rst and 
second logic devices, by connecting the ?rst and 
second pre-Wired logic devices together in parallel, 
and 

forming each of the no more than tWo customiZed 
layers using the respective customiZed mask. 

12. The method of claim 11, Wherein the device is an 
application-speci?c integrated circuit. 

13. The method of claim 12, Wherein only one customiZed 
mask is produced and Wherein only one customiZed layer is 
formed, using the one customiZed mask, to con?gure the 
?rst and second pre-Wired logic devices into the high-drive 
logic device that is functionally equivalent to each of the ?rst 
and second logic devices. 

14. The method of claim 13, Wherein the customiZed mask 
that is produced is a customiZed via layer, and Wherein 
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forming the customized via layer includes forming connec 
tions between routing tracks in non-customiZed layers. 

15. The method of claim 14, Wherein forming the plurality 
of non-customiZed layers includes: 

selecting the ?rst pre-Wired logic device from a group 
consisting of a NAND, a multiplexer, a FLOP, an 
inverter, an XOR, a NOR, and a look-up table, and 

selecting the second pre-Wired logic device to be the same 
type of device as the ?rst logic device. 

16. The method of claim 15, Wherein each of the ?rst and 
second pre-Wired logic devices is a multiplexer having a D0 
input, a D1 input, a SEL input, and a Z output, and Wherein 
forming the customiZed via layer includes connecting the 
?rst and second pre-Wired logic devices to a common D0 
input, a common D1 input, a common SEL input, and a 
common Z output. 

17. The method of claim 12, Wherein forming no more 
than tWo customiZed layers includes forming tWo custom 
iZed via layers. 

18. The method of claim 12, Wherein forming no more 
than tWo customiZed layers includes forming one custom 
iZed via layer and one customiZed metal layer. 

19. The method of claim 12, Wherein forming no more 
than tWo customiZed layers includes forming tWo custom 
iZed metal layers. 

20. The method of claim 12, Wherein forming the plurality 
of non-customiZed layers includes fabricating the plurality 
of non-customiZed layers in a ?rst process geometry, and 
Wherein forming the no more than tWo customiZed layers 
includes fabricating the no more than tWo customiZed layers 
in a second process geometry. 

21. A semiconductor chip, comprising an array of logic 
cells, arranged in a plurality of non-customiZed layers, that 
are disposed to receive con?gurable metal, at least some of 
the logic cells in the array including a ?rst pre-Wired logic 
device and a second pre-Wired logic device, the second logic 
device being functionally equivalent to the ?rst logic device, 
Wherein the ?rst and second pre-Wired logic devices in each 
logic cell can be selectively connected together in parallel to 
form a high-drive logic device, functionally equivalent to 
each of the ?rst and second logic devices, by routing in no 
more than tWo customiZed layers in the con?gurable metal. 

22. The semiconductor chip of claim 21, Wherein the chip 
is part of an application-speci?c integrated circuit. 
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23. The semiconductor chip of claim 22, Wherein the ?rst 
and second pre-Wired logic devices can be selectively con 
nected together in parallel to form a high-drive logic device 
using only one customiZed layer. 

24. The semiconductor chip of claim 23, Wherein the ?rst 
and second pre-Wired logic devices can be selectively con 
nected together in parallel to form the high-drive logic 
device using only one customiZed layer, the one customiZed 
layer being a via layer. 

25. The semiconductor chip of claim 24, Wherein the ?rst 
pre-Wired logic device is selected from a group consisting of 
a NAND, a multiplexer, a FLOP, an inverter, an XOR, a 
NOR, and a look-up table, and the second pre-Wired logic 
device is substantially the same as the ?rst pre-Wired logic 
device. 

26. The semiconductor chip of claim 25, Wherein the ?rst 
and second pre-Wired logic devices are each a multiplexer 
having a D0 input, a D1 input, a SEL input, and a Z output, 
and Wherein the ?rst and second pre-Wired logic devices can 
be selectively connected together in parallel, using the 
customiZed via layer, such that the ?rst and second pre-Wired 
logic devices are connected to a common D0 input, a 
common D1 input, a common SEL input, and a common Z 
output. 

27. The semiconductor chip of claim 22, Wherein the ?rst 
and second pre-Wired logic devices can be selectively con 
nected together in parallel to form a high-drive logic device 
using only tWo customiZed via layers. 

28. The semiconductor chip of claim 22, Wherein the ?rst 
and second pre-Wired logic devices can be selectively con 
nected together in parallel to form a high-drive logic device 
using only one customiZed via layer and one customiZed 
metal layer. 

29. The semiconductor chip of claim 22, Wherein the ?rst 
and second pre-Wired logic devices can be selectively con 
nected together in parallel to form a high-drive logic device 
using only tWo customiZed metal layers. 

30. The semiconductor chip of claim 22, Wherein the array 
of logic cells is fabricated in a ?rst process geometry, and 
Wherein the con?gurable metal of the customiZed layers can 
be fabricated in a second process geometry. 

* * * * * 


